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摘    要 
 1 
摘    要 
从南极海域沉积物中筛选到一产蛋白酶的菌株 R2，细胞呈短杆状，单个
排列，无鞭毛，大小为 10~15 μm × 2~3 μm，好氧，革兰氏染色为阴性；生长
温度范围在 5~30ºC (最适生长温度为 10~15ºC)，生长 pH范围在 6~12之间 (最
适生长 pH 值为 7)，生长盐度范围在 0~20%之间 (最适生长盐度为 3%)；能
够利用多种单一碳源作为能量来源；具有氨苄青霉素、卡那霉素、链霉素抗
性；基因组 DNA 的 G+C 含量为 56.3±0.2 mol%。基于 16S rDNA 序列的系统
发 育 分 析 表 明 该 菌 株 属 于 海 杆 菌 属 (Marinobacter) ， 与 M. 
hydrocarbonoclasticus 和 M. aquaeolei 的同源关系最近，然而生理生化实验、
抗生素敏感性实验、基因组 DNA G+C 含量测定实验及 DNA-DNA 杂交分析
结果均显示该菌株与海杆菌属其他已鉴定的 10 个种有显著差别。由于该菌株
最适生长温度在 10~15ºC 之间，属于兼性嗜冷菌，故建议将其命名为
Marinobacter psychrotrophilus sp. nov.，R2 为模式菌株。 
R2 菌株能够分解多种单一碳源并产生蛋白酶，最适产酶温度和 pH 值分
别为 20ºC 和 pH6~8。粗酶液经硫酸铵盐析、DEAE cellulose-52 柱层析、
Sephadex G-75 凝胶过滤、制备电泳纯化后，获得了单一条带的电泳纯酶，其
分子量大小为 30 kDa，并对纯化后的蛋白酶进行酶学性质的研究。该蛋白酶
的最适反应 pH 值为 9~10，最适反应温度为 20ºC，是现有文献报道的蛋白酶
中最低的，是典型的低温碱性蛋白酶，对热敏感，Ca2+能提高其热稳定性；
能够降解胰凝乳蛋白酶的特异性底物 N-Succ-(Ala)2-Pro-Phe-pNA 和
N-Succ-(Ala)2-Pro-Leu-pNA ， 但 对 弹 性 蛋 白 酶 的 特 异 性 底 物
N-Succ-(Ala)3-pNA 却不具降解能力，故该酶具有类胰凝乳蛋白酶活性，且能



















DNA 片段，通过 NCBI-blastx 程序比对发现该片段翻译产物与碱性丝氨酸蛋
白酶 AprI 前体(alkaline serine protease AprI precursor)催化区(Peptidase_S8)的
同源性最高，为 84%。因此可以推断所扩增的 DNA 片段是 R2 菌株所产丝氨
酸蛋白酶基因的一部分。将 K1+K2 引物扩增的 DNA 片段作为模板制备探针，
与用 Sau3A I部分酶切后的R2菌株基因组DNA做 Southern杂交，回收 2 kb~5 
kb 的 DNA 片段，利用末端半补齐技术与用 Sal I酶切且半补齐的质粒 pUC118




















A strain R2, which produces a protease, was isolated from the Antarctic Ocean 
sediment samples. The cells of the strain R2 were neutrophilic, aerobic, 
Gram-negative, separate motile rods, with a size of 10~15 μm × 2~3 μm. Growth 
was observed between 5 and 30ºC(optimum temperature: 10~15ºC), between pH 6 
and 12(optimum: pH 7), and between NaCl concentrations of 0 and 20% (w/v) 
(optimum NaCl concentration: 3%). The strain R2 could utilize various single 
carbon sources, and was not sensitive to ampicillin, kanamycin and streptomycin. 
The G+C content of the genomic DNA was 56.3±0.2 mol%. Phylogenetic analysis 
based on 16S rDNA sequences indicated that the strain R2 belonged to the genus 
Marinobacter and was the most closely related to M. hydrocarbonoclasticus and 
M. aquaeolei, while DNA-DNA hybridization, as well as phenotypic 
characterization, demonstrated that the strain R2 could be genetically 
differentiated from the previously described 10 species of Marinobacter. Based on 
the fact that strain R2 had the best growth under 10~15ºC and belonged to 
psychrotrophs, we propose the name Marinobacter psychrotrophilus sp. nov., type 
strain: R2.  
The strain R2 could utilize various single carbon sources and produce protease, 
the optimum condition is 20ºC and pH 6~8. The purification was performed by 
ammonium sulfate fractionation, column chromatography with DEAE 
cellulose-52, Sephadex G-75 and preparative SDS-PAGE, and a purified enzyme, 
with a molecular mass of 30 kDa was obtained. The optimum condition for the 
protease activity was 20ºC and pH 9~10, which suggested the enzyme was a 
typical alkaline cold-active protease, with sensibility to high temperature. What 















previously described proteases. This alkaline protease could degrade 
N-Succ-(Ala)2-Pro-Phe-pNA and N-Succ-(Ala)2-Pro-Leu-pNA, which are both 
specific substrates of chymotrypsin. It also had degradability to various natural 
protein substrates. This enzyme appeared to be a serine protease, on the basis of 
its sensitivity to PMSF and AEBSF. From the result that EDTA   showed 
obvious inhibiting effect on the enzyme, it can be suggested that metal ions played 
an important role in the conservation of enzyme conformation for the catalytic 
activity. The protease activity was stimulated by Ca2+、Mn2+、Cu2+, and was 
inhibited by Cd2+、Co2+, which is much different to most other proteases. 
We obtained a 567 bp DNA segment after PCR amplification, with designed 
specific protease primers according to the protease conserved domain. We 
compared the translated amino acid sequence of the amplified DNA segment with 
proteins in Protein Database, the alignment result showed the highest similarity 
(84%) with Peptidase_S8, the catalytic domain of alkaline serine protease AprI 
precursor. So the amplified DNA segment must be a part of the whole serine 
protease gene of the strain R2. Southern blot experiment was performed with the 
hybridization between amplified DNA segment probe and genomic DNA digested 
partially with Sau3A I. The fragments from 2 kb to 5 kb were recovered, and 
ligated with plasmid pUC118, using partial filling-in technique of cohesive end. 
Then the recombinant plasmid transformed E. Coli JM 109. The constructed 
libraries were ready to be used to clone the whole serine protease of the strain R2 
using in situ hybridization. 
 
Key words: identification; Marinobacter; psychrotrophs; Antarctic Ocean; 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
